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A DEVICE IN THE STATOR OF A ROTATING ELECTRIC MACHINE 

The present invention relates to a device for increasing the mechanical 
rigidity and natural frequency of the stator in a rotating electric machine 
5 and prevent damaging oscillations occurring between the stator teeth. 

Certain attempts at a new approach as regards the design of synchronous 
machines are described, inter alia, in an article entitied "Water-and-oil- 
cooled Turbogenerator TVM-300" in J. Elektarotechnika, No. 1, 1970, pp 6- 
€# 10 8, in US 4,429,244 "Stator of Generator" and in Russian patent docimient 

CCCP Patent 955369. 

0r The water- and oil-cooled synchronous machine described in J. 

Elektrotechnika is intended for voltages up to 20 kV. The article describes 
15 a new insulating system consisting of oil/paper insulation, which makes it 
possible to immerse the stator completely in oil. The oil can then be used 
as a coolant while at the same time using it as insulation. To prevent oil in 
the stator from leaking out towards the rotor, a dielectric oil-separating 
ring is provided at the internal stirface of the core. The stator winding is 
20 made from conductors with an oval hollow shape provided with oil and 
paper instdation. The coil sides with their insulation are secured to the 
slots made with rectangular cross section by means of wedges. As coolant, 
oil is used both in the hollow conductors and in holes in tiie stator walls. 

,^ Such cooling systems, however, entail a large number of connections of 

25 botii oil and electricity at the coil ends. The thick insulation also entails an 
increased radius of curvature of the conductors, which in turn results in 

^ an increased size of the winding overhang. 



30 



The above mentioned US patent relates to the stator part of a synchronoxis 
machine which comprises a laminated magnetic core of electrical steel 
with trapezoidal slots for the stator winding. The slots are tapered since 
the need of insulation of the stator winding is less towards the interior of 
the rotor where that part of the winding which is located nearest the 
neutral point is located. In addition, the stator part comprises a dielectric 
35 oil-separating cylinder nearest the inner surface of the core which may 
increase the magnetization requirement relative to a machine without this 
ring. The stator winding is made of oil-immersed cables with the same 
diameter for each winding layer. The layers are separated from each other 
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by means of spacers in the slots and secured by wedges. What is special 
regarding the winding is that it comprises two so-called half-windings 
connected in series. One of the two half-windings is located, centred, 
inside an insulation sleeve. The conductors of the stator winding are 
5 cooled by surroimding oil. The disadvantages with such a large quantity 
of oU in the system, are the risk of leakage and the considerable amount of 
cleaning work which may result from a fault condition. Those parts of the 
insulation sleeve which are located outside the slots have a cylindrical 
part and a conical termination reinforced with current-carrying layers, the 
10 duty of whiGh is to confeol #ie electric field-strength^in live region where 
the cable enters the end winding. 



From CCCP 955369 it is clear, in another attempt to raise the rated voltage 
of the synchronous machine, that the oil-cooled stator winding comprises 

15 a conventional high-voltage cable with the same dimension for all the 
layers. The cable is placed in stator slots formed as circular, radially 
disposed openings corresponding to the cross-section area of the cable and 
the necessary space for fixing and for coolant. The different radially 
located layers of the winding are surrotmded by and fixed in insulated 

20 tubes. Insulating spacers fix the tubes in ti\e stator slot. Because of the oil 
cooling, an interrial dielectric ring is also needed here for sealing the 
coolant against the internal air gap. The design shows no tapering of the 
insulation or of the stator slots. The design exhibits a very narrow radial 
waist between the different stator slots, which implies a large slot leakage 

25 flux which significantly irtfluences the magnetization requirement of the 
machine. 



The problem addressed by the invention appears in connection with a © 
high-voltage electric alterrxating ourrent machine, primarily intended as a 

30 generator in a power station for generating electric power. Such machines 
have conventionally been designed for voltages in the range 15-30 kV and 
30 kV has normally been considered to be an upper limit. This generally 
means that a generator must be connected to the power network via a 
transformer which steps up the voltage to the level of the power network, 

35 i.e. in the range of 130-400 kV. 



By using high-voltage insulated electric conductors, in the following 
termed cables, in the stator winding, with permanent ii\sulation similar to 



PCT/SE97/00904 

3 

that used in cables for transmitting electric power, e.g., crosslinked 
polyethylene (XLPE) cables, the voltage of the machine can be increased to 
such levels that it can be connected directly to the power network without 
an intermediate transformer. The step-up treinsformer is thus eliminated. 

5 

This concept generally requires that the slots in which the cables are 
placed in the stator to be deeper than with conventional technology 
(thicker insulation due to higher voltage and more turns in the winding). 
This entails new problems with regard to mechanical natural frequencies 
10 in the stator teeth between the stator slots. A stator with deep slots may be 
subjected to damaging vibrations at the air gap due to resonance with 
disturbing force, typically electromagnetic forces with a frequency of 
100 Hz for a machine having a nominal output frequency of 50 Hz. 

15 The object of the present invention is to solve this problem and thus 
prevent oscillations between the stator teeth. This object is achieved with 
the method and the device defined in the appended claims. 

The invention will now be described in more detail with reference to the 
20 accompanying drawings in which 

Figure 1 shows a cross section through the insulated electrical conductor 
which is used in conjunction with the invention and is here termed a 
cable, 

25 

Figure 2 shows an axial view of a sector in a stator core. 

Figures 3 and 4 show axial views of the end of a slot situated at the air gap 
in the stator core, according to two embodiments of the invention. 

Figure 5 shows an axial view of a sector of a stator core according to a 
third embodiment of the invention. 

Figure 6 shows an axial view of a sector of a stator core with yet another 
35 application of the device according to the invention. 
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Figure 7 shows an axial section through the stator part corresponding to 
Figxire 6, and 
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15 



Figures 8 and 9 show a radial and an axial view, respectively, partially in 
section, of the end part of the stator core near the air gap. 

Figure 1 illustrates a cross-sectional view of an insulated electric 
conductor or cable 1, used in conjunction with the present invention. The 
cable 1 comprises a conductor 2 with circular cross section, consisting of a 
number of strands and made of copper, for instance. This conductor 2 is 
arranged in the middle of the cable 1. Aroimd the conductor 2 is a first 
semiconducting layer 3. Around the first semiconducting layer 3 is an ^ 
insulating layer 4, e.g., XLPE insulation. Aroimd the layer of insulation 4 
is a second semiconducting layer 5. In this context, therefore, the cable 
does not include the outer protective sleeve which normally surroxmds a ^ 
cable for power distribution. 

Figure 2 shows part of a stator lamination 6 intended for a new high- 
voltage alternating current generator. These stator laminatioi\s 6, placed 
one on top of the other, form the core of the stator. This is axmular and 
surrounds the rotor (not shown) with an air gap 7. Slots 8 to receive the 
cables extending axially through the stator are deeper than in 
conventional machines. This entails the above-mentioned drawbacks of 
the stator having low natural frequencies and that oscillations easily occiu* 
in the stator teeth 10. 

25 In order to solve this problem it is proposed according to Figure 3 that a ^ 
spacer or a slot wedge 11 is inserted into the operung of the slot 8. The 
wedge is made of a material which is electrically non-conducting and is 
non-magnetic, rigid and strong, e.g., glassfibre-reinforced plastic (epoxy ® 
plastic), and extends across the entire axial length of the stator. This 

30 wedge is inserted with radial force as indicated by the arrow 12 during 
assembly, thus providing tangentially stiff connections between the stator 
teeth at the air gap all round the stator. This stiff connection increases the 
natural frequency and offers greatly increased rigidity in each individual 
tooth, and even increased flexural rigidity in the whole stator core. 

35 Another important advantage is that the tangential electromagnetic forces 
at the air gap, deriving from the rotor poles, are distributed more 
uniformly between the teeth. 



20 
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As can be seen in Figure 3, the wedge 11 does not abut the cables 1 with 
radial force, the nearest cable being shown in the drawing. As is clear 
from Figure 2, unlike in conventional generators, the slots 8 are designed 
in a shape similar to a bicycle chain, with recesses for each cable 1 which is 
5 thus radially fixed. In previously known generators the cable slots were of 
uniform width and- the cables were pressed in with a radial force achieved 
by a slot wedge that gave no tangential loading. These previously known 
^ slot wedges thus had a completely different function from the slot wedge 

11 according to the present invention, the only function of which is to 
10 achieve tangential pre-stressing Ftan. which permits sufficiently rigid and 
strong connection between the free ends of the stator teeth. 

^ Figure 4 shows another embodiment of the device according to the 

invention. Here the wedge 11 has inverted wedge shape, as also the 
15 wedge surfaces cooperating therewith on the stator teeth 10. Upon being 
placed under pressure the wedge is in this case pressed out towards the 
air gap, making use of the cable 1 radially fixed innermost in its seat. It is 
thus possible to utilize a tube, known per se which, upon being 
pressurized expands between the cable 1 and wedge 11, a tube 14 which is 
20 filled with, e.g., liquid epoxy compound which heirdens under pressure. 
Such a tube has been used previously in conventional generators in order 
to press the conductors forming the winding into the slot outwardly 
towards the bottom of the slot, a function not at all demanded in the 
present case. 



A third embodiment is shown in Figure 5. Here the tangential 
compression between the stator teeth is achieved via the wedges 11 by a 
tensile force F being applied to the stator core 15 through an external 
arrangement in the form of tie-rods, cords 16 or the outer stator frame 17. 
30 The stator consisting of segments is joined together at final assembly so 
that when tensile force is applied to the outer arrangement, a counter 
compressive force is obtained in the stator teeth and wedges at the air gap. 



35 



In Figures 3 and 4 the spacers 11 are wedge-shaped, as described. 
However, they may also be parallel-epipedic, in which case the 
tangentially stiff connection can be achieved in accordance with Figure 5, 
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Adhesive joints may also be arranged between the spacers 11 and stater 
teeth 10, either as the sole fixing means or prior to fixing by means of 
tangential clamping. 

6 Figures 6-9 Hlustrate how the slot wedges according to the invention can 
also be utilized to achieve axial compressive pre-stressing of ti\e stator 
core 15. The pressure fingers 18 are arranged on each side of the core 15, 
immediately opposite the stator teeth 10, to act as a force-transmission 
device to convert the tensile force in the wedges 11 to a uniformly 

10 distributed compressive force in the stator core 15. To achieve this the 
ends of tihe wedges are joined together by means of transverse pieces 19 
which are able to cooperate with the pressure fingers 18. The transverse 
pieces 19 in the embodiment shown are joined to the wedges 11 by means 
of pins 20, slidable in the transverse pieces 19, which are loaded 

15 outwardly by means of a compression spring 21. One end of the pressure 
fingers 18 engages below the transverse piece 19, enabling it to load the 
transverse piece and thus the wedges in a direction outwards from the 
laminated core 15. The other end of the pressure fingers 18 is damped 
between two devices 22 and 23 connected to the stator frame 17. 

20 

Instead of the fransverse pieces 19, according to the right side of Figures 8 
and 9 the tensile force in the wedge 11 can be converted to a compressive 
force in the stator core 15 via nuts 24 cooperating with screw threading 25 
on the edges of the wedges 11. The compressive force from the nuts 24 is 
25 transmitted to the stator core 15 via plates 26 of, e.g., laminated glassfibre. 

As shown in Figures 6-9 the slot wedges used for tangential positioning of 
the stator teeth are also utilized advantageously as tie-rods to achieve the 
requisite compressive stress in the stator core. 

30 

The invention is also applicable to other electric machines such as double- 
fed machines, applications in asynchronous static current converter 
cascades, outer pole machines and synchronous flux machines, 
particularly if their windings are manufactured with insulated elecfric 
35 conductors of the type described in the introduction, and preferably in the 
voltage range 36-800 kV. 
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CLAIMS 

1. A device for increasing the mechanical rigidity and natural 
frequency of the stator in a rotating electric machine, which stator is 

5 provided with teeth (10) between the slots (8) receiving the winding, the 
free ends of said teeth being located in the air gap (7) between stator and 
rotor, characterized in that a spacer (11) to increase rigidity is arranged in 
each space between the free ends of adjacent stator teeth (10) to 
tangentially fix said ends. 

10 

2. A device as claimed in claim 1 characterized in that the spacer 
comprises a wedge (11). 

3. A device as claimed in claim 2, characterized in that the wedge 
15 surfaces converge outwardly towards the ends of the stator teeth (10) 

connected to each other, the wedge (11) being arranged to be subjected to 
a radial, outwardly directed force during assembly. 

4. A device as claimed in claim 2 characterized in that the wedge 
20 surfaces diverge outwardly towards the ends of the stator teeth (10) 

connected to each other, an expansion means (14) being arranged between 
the wedge (11) and the cable (1) of the winding situated nearest to the slot 
(8) and secured in a seat in the slot (8). 

25 5. A device as claimed in claim 4 characterized in that the 

expansion means consists of a tube (14) which is filled with a liquid 
compound, such as epoxy plastic, which is curable imder pressure. 

6. A device as claimed in any of claims 1-5, characterized by 
30 adhesive joints between the spacers (11) and stator teeth (10). 

7. A device as claimed in claim 1 or cleiim 2 characterized in that a 
clamping force is applied to the outer part of the stator core (15) by means 
of an outer stator frame (17) or an external arrangement in the form of tie- 

35 rods (16) thereby producing tangential compressive tangential forces on 
the surfaces of the spacers at the free ends of the stator teeth (10). 
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8. A device as claimed in any of claims 1-7 characterized in that 

the spacers (11), which extend the entire length of the stator, are designed 
as tie rods to axially pre-stress the stator core (15). 

5 9. A device as claimed in claim 8 characterized in that a force- 

transmitting device (18) is arranged between the spacers (11) and the outer 
periphery of the stator and arranged to convert tensile axial stress in the 
spacers (11) to compressive axial stress in the stator core (15). 

10 10. A device as claimed in claim 9, characterized in that the spacers 

(11) are corrected together at their ends by means of trarisverse pieces (19) 
and in that the force-transmitting device consists of pressure fingers (18) 
extending radially on each side of the stator core (15) immediately 
opposite the stator teeth (10), the inner ends of said fingers protruding 

15 inside the transverse pieces (19) and the outer ends being pressed against 
the core (15) by means of a clamping device (22, 23) on the stator frame 
(17). 



11. A device as claimed in claim 9 characterized in that tiie ends of 
20 the spacers (11) are provided with screw threading (25) for cooperation 

with a nut (24) to transfer compressive force via a plate (26) to the stator 
teeth (10). 

12. A rotating electric machine characterized by a device as daim- 
25 ed in any of claims 1-11 to increase the natural frequency of the stator. 



13. A rotating electric machine according to claim 12 characterized 

in that the winding comprises at least one current-carrying conductor (2), ® 
a first layer (3) having semiconducting properties provided around said 
30 conductor (2), a soUd insulating layer (4) provided arovmd said first layer 
(3), and a second layer (5) having semiconducting properties provided 
around said insulating layer (4). 

14. A rotating electaric machine according to claim 13, characterized 
35 in that the potential of said first layer (3) is substantially equal to tiie 

potential of the conductor (2). 
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15. A rotating electric machine according to claim 13 or 14, charac- 

terized in that said second layer (5) is arranged to constitute substantially 
an equipotential surface surrounding said conductor (2). 

5 16. A rotating electric machine according to claim 15, characterized 

in that said second layer (5) is connected to a predetermined potential, 

17. A rotating electric machine according to claim 16, characterized 
in that said predetermined potential is earth potential. 

10 

18. A rotating electric machine according to any one of claims 13 - 

17, characterized in that at least two adjacent layers have substantially 
equal thermal expansion coefficients. 

15 19. A rotating electric machine according to any one of claims 13 - 

18, characterized in that said current-carrying conductor (2) comprises a 
number of strands, only a minority of said strands being non-isolated 
from each other. 

20 20. A rotating electric machine according to any one of claims 13 - 

19, characterized in that each of said three layers is fixed connected to 
adjacent layer along substantially the whole connecting surface. 

21. A rotating electric machine according to any one of claims 13 - 

25 20, characterized in that said cable (1) also comprises a metal shield and a 
sheath. 
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US 


3444407 


A 


13/05/69 


DE 
GB 
SE 


1613116 A 
1187803 A 
341428 B 


28/01/71 
15/04/70 
27/12/71 


us 


3932779 


A 


13/01/76 


CH 
DE 
FR 
GB 
SE 


564270 A 
2411933 A.B.C 
2222784 A.B 
1454120 A 

371348 B.C 


15/07/75 
26/09/74 
18/10/74 
27/10/76 
11/11/74 



FR 2305879 Al 22/10/76 NONE 
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